Protein System was modified to include an amino acid submodel for predicting the adequacy of absorbed essential amino acids in cattle diets. Equations for predicting the supply of and requirements for absorbed essential amino acids are described and presented. The model was evaluated for its ability to predict observed duodenal flows of nitrogen, nonammonia nitrogen, bacterial nitrogen, dietary nonammonia nitrogen, and individual essential amino acids. Model-predicted nitrogen, nonammonia nitrogen, bacterial nitrogen, and dietary nonammonia nitrogen explained 93.2, 94.6, 76.4, and 79.3% of the observed duodenal flows, respectively, based on R2 values from predicted vs observed regression analysis. Based on slopes of regression lines, model-predicted duodenal nitrogen and nonammonia nitrogen were different from observed duodenal flows ( P < .05), whereas model-predicted bacterial nitrogen and dietary nonammonia nitrogen were not different from observed duodenal flows ( P < .05). Model-predicted duodenal flows of individual essential amino acids explained 81 to 90% of variation in observed duodenal amino acid flows. Based on slopes of regression lines, modelpredicted duodenal threonine, leucine, and arginine were the only amino acids different from observed duodenal flows ( P < .05). Ideas for further model improvements and research in amino acid metabolism were also presented.
Introduction
Amino acid requirements have been determined primarily using breakpoint estimates of animal response to dietary amino acid supplementation. However, extrapolating such estimates to dietary, animal, and environmental conditions that are different from the experimental conditions under which the requirements were estimated has little scientific basis (Owens and Pettigrew, 1989 ). An alternative is the use of dynamic, factorial mathematical models, which allows prediction of amino acid demand and supply under a wide variety of dietary, animal, and environmental conditions (Owens and Pettigrew, 1989) . Russell et al. (1992) , Sniffen et al. (19921, and Fox et al. (1992) have developed a carbohydrate and protein simulation model that determines ME and J. Anim. Sci. 1993 . 71:1298-1311 metabolizable protein ( IMP) requirements and supply under widely varying dietary, animal, and environmental conditions. Included are submodels that predict the supply of and the requirements for absorbed amino acids, using a combination of empirical and mechanistic approaches.
The objectives of this research were 1 ) t o develop an amino acid submodel for the Cornell Net Carbohydrate and Protein System (CNCPS; Fox et al., 1992; Russell et al., 1992; Sniffen et al., 1992) so that it that can be used to predict the supply of and requirements for absorbed essential amino acids in cattle diets and 2 ) to validate the model for predicted duodenal flows of nitrogen, nonammonia nitrogen, bacterial nitrogen, dietary nonammonia nitrogen, and individual essential amino acids for a variety of cattle diets. metabolizable amino acids. The daily supply of absorbed essential amino acids is based on the CNCPS submodels described by Russell et al. (1992) and Sniffen et al. (1992) . The daily requirements for absorbed essential amino acids are based on the CNCPS submodel described by Fox et al. (1992) and parameter estimates from Evans and Patterson (19851, NRC (19851, Mantysaari et al. (19891, and Ainslie et al. (1993) .
Amino Acid Supply
Amino acids available for absorption and ultimately for cattle production are supplied by microbial protein synthesized in the rumen, dietary protein escaping ruminal degradation, and endogenous secretions into the digestive tract (Richardson and Hatfield, 1978) . The models of Russell et al. (1992) and Sniffen et al. (1992) were used as the basis of the model presented here for estimating the supply of amino acids available from microbial protein synthesized in the rumen and dietary protein escaping ruminal degradation. Amino acids available from endogenous secretions were not included in the model because of limited quantitative information describing the supply and availability of amino acids from endogenous secretions of cattle (Mantysaari et al., 1989) . Thus, in this model, the prediction of amino acids available from specific cattle diets was dependent on the estimation of amino acids available from ruminal microbial protein and dietary protein escaping ruminal degradation.
Accurate estimation of the amino acids available from microbial protein synthesized in the rumen requires reliable estimation of ruminal microbial yield, microbial protein composition, amino acid composition of microbial protein, and the digestibility of microbial amino acids. The microbial growth model described by Russell et al. (1992) in a previous paper demonstrated that ruminal microbial yield may be reliably estimated using a Michaelis-Menton kinetic model; therefore, the microbial yield model described by Russell et al. (1992) was used as the basis for estimating ruminal microbial yield in this model.
In addition to a prediction of ruminal microbial yield, estimates of the protein composition of ruminal bacteria were necessary to determine the amounts of microbial protein produced in the rumen. Ruminal bacteria were assumed to'be 10% N or 62.5% CP (Isaacson et al., 1975) . However, the distribution of nitrogen in bacterial protein is variable, depending on species and conditions of growth (Van Soest, 1982) . Ruminal bacterial protein was assumed to be 25% cell well nitrogen (Bergen et al., 1967) and 15% nucleic acid nitrogen (Purser and Buechler, 1966) . The remaining 60% of bacterial nitrogen was assumed to be true protein (Van Soest, 1982) .
The amino acid compositions of ruminal microbial cell wall and non-cell wall protein fractions need to be (Clark et al., 1992) .
was assumed to be the same as that of non-cell wall protein.
estimated to determine bacterial amino acids appearing at the duodenum and amino acids available from bacterial protein. Amino acids are present in both the cell walls and cytoplasm of bacteria; however, most of the amino acids are contained in non-cell wall material (Chalupa, 1972) . The amino acid content of microbial cell wall protein was estimated based on reports by and . The amino acid content of non-cell wall microbial protein was estimated based on a summary of bulk ruminal microbial protein by Mantysaari et al. (1989) . Estimates of the amino acid content of ruminal microbial cell wall and non-cell wall protein used in the model are given in Table 1 . These values represent the amino acid content of freefloating bacteria recovered by differential centrifugation but are in good agreement with ruminal bacteria composition values reported by Clark et al. (1992) . The amount of bacterial amino acids appearing at the duodenum was determined by multiplying the amino acid content of each bacterial protein fraction by the quantity of each bacterial protein fraction produced in the rumen. The quantity of each bacterial protein fraction appearing at the duodenum was predicted using the previously described model of Russell et al. (1992) . The amounts of bacterial amino acids appearing at the duodenum were determined using the following equation:
where AABCWi = ith amino acid content of ruminal bacteria cell wall protein, g/lOO g; AABNCW; = ith amino acid content of ruminal bacterial non-cell wall protein g/lOO g; REBCWj = bacterial cell wall protein appearing at the duodenum as a result of fermentation of the jth feedstuff, g/d; REBTPj = bacterial non-cell wall protein appearing at the duodenum as a result of fermentation of the jth feedstuff, g/d; and REBAAi = amount of the ith bacterial amino acid appearing at the duodenum, gid.
In cattle, the small intestine is the active site of absorption of amino acids (NRC, 1985) ; however, few estimates exist of the true digestibility of ruminal bacterial cell wall and non-cell wall protein fractions in the small intestine of cattle. Tas et al. (1981) estimated the true absorption of microbial amino acids in the small intestine of sheep to be .87 by regression analysis. Storm et al. (1983) found that the true digestibility of amino acid nitrogen varied little and estimated the average true digestibility of amino acid nitrogen in the small intestine of sheep to be .85 by regression analysis. Microbial cell contents are probably completely digestible (Van Soest, 1982) ; therefore, amino acids contained in non-cell wall bacterial protein were assumed to be completely digested in the intestines. Amino acids contained in the cell walls of bacteria may not be released by proteolytic enzymes in the abomasum and small intestine and may be of limited value to the animal (Allison, 1970; Mason and White, 1971) . Therefore, it was assumed that amino acids contained in the bacterial cell wall protein were completely unavailable for digestion in the intestines.
Amino acids available from microbial protein were estimated by multiplying the quantity of amino acids in the cell wall and non-cell wall bacterial protein delivered to the duodenum by the intestinal true digestibility of each bacterial protein fraction. However, because microbial cell wall protein and amino acids were considered to be indigestible, available microbial amino acids were only provided by the noncell wall bacterial protein, which was considered to be completely digestible. Available or absorbed bacterial amino acids were determined using the following equation:
where DIGBAAi = amount of the ith absorbed bacterial amino acid, gid.
In addition t o an accurate estimate of amino acids available from microbial protein, an accurate assessment of the amino acids available from dietary protein escaping ruminal degradation is needed to determine total amino acids available to the animal. Amino acids available from dietary protein escaping ruminal degradation can be estimated from the amount of dietary protein escaping degradation, the amino acid composition of insoluble protein, and the true digestibility of dietary amino acids in the intestines.
The amount of dietary protein escaping ruminal degradation is a primary factor in determining dietary amino acids appearing at the duodenum. A number of factors may affect the amount of dietary protein escaping ruminal degradation. Feed physical characteristics, chemical composition, and dry matter intake have been identified as primary factors affecting the amount of protein degraded in the rumen . Dietary protein escaping ruminal degradation was predicted using the model of Sniffen et al. (1992) described in a previous paper.
The amino acid composition of the dietary protein escaping ruminal degradation also affects the amounts of dietary amino acids appearing at the duodenum. Because a significant portion of the protein contained in many feedstuffs is degraded in the rumen, MacGregor et al. (1978) hypothesized that the amino acid composition of dietary protein escaping ruminal degradation may be better represented by the amino acid composition of the insoluble protein rather than by the amino acid composition of the total protein. Other researchers have also demonstrated that the amino acid profile of the insoluble protein is different from the amino acid profile of the total protein in feedstuffs (Muscato et al., 1983; Bozak et al., 1986; Crooker et al., 1987; Mantysaari et al., 1989) . Estimates of the amino acid content of the insoluble protein from dietary protein sources appearing at the duodenum for a limited number of feeds are shown in Table 2 , based on the data of MacGregor et al. (1978) , Mantysaari et al. (19891, and Muscato et al. (1983) . Amino acids appearing at the duodenum from dietary protein sources were calculated by multiplying the amino acid content of the insoluble protein by the quantity of each protein fraction escaping ruminal degradation. Amounts of protein fractions escaping ruminal degradation were predicted using the model of Sniffen et al. (1992) . The following equation was used to determine dietary amino acids escaping ruminal degradation and appearing at the duodenum:
where AAINSPij = ith amino acid content of the insoluble protein for the jth feedstuff, gil00 g; REPBlj = B1 protein from the jth feedstuff that escaped from the rumen, g/d; REPBZj = B2 protein from the jth feedstuff that escaped from the rumen, g/d; REPB3j = B3 protein from the jth feedstuff that escaped from the rumen, g/d; REPCj = C protein from the jth feedstuff that escaped from the rumen, gid; and REFAAi = amount of ith dietary amino acid that appeared at the duodenum, g/d.
Amounts of amino acids appearing at the duodenum were calculated as the sum of amino acids from bacterial protein and dietary protein escaping ruminal degradation and were determined using the following equation: ruminal degradation.
where REAAi = total amount of the ith amino acid appearing at the duodenum, g/d. After amino acids from dietary protein escaping ruminal degradation have been determined, absorbed amino acids from dietary protein escaping ruminal degradation can be determined. Absorbed amino acids from dietary protein escaping ruminal degradation were calculated by multiplying the amino acid content of insoluble protein for each feedstuff by the amounts of each protein fraction that were digested in the intestines for each feedstuff. The amounts of each protein fraction that were digested in the intestines for each feedstuff were predicted using the model of Sniffen et al. ( 1 9 9 2 ) . The model of Sniffen et al. ( 1 9 9 2 ) assumed that the bound protein fraction is not digested and the B1 and B2 fractions are completely digested in the intestines. The B3 protein fraction is assumed to be less than completely digested. The B1, B2, and B3 fractions are assigned a true digestibility of 100, 100, and 8096, respectively, based on the types of proteins in each fraction as described by Sniffen et al. ( 1 9 9 2 ) . The following equation was used to calculate absorbed amino acids from dietary protein escaping ruminal degradation:
where D I G F A A i = amount of the ith absorbed amino acid from dietary protein escaping rumen degradation, gld.
The total supply of absorbed amino acids was calculated by summing intestinally digested microbial amino acids and intestinally digested amino acids from dietary protein escaping ruminal degradation. The following equation was used to determine the total supply of absorbed amino acids:
where w i = total amount of the ith absorbed amino acid supplied by dietary and bacterial sources, g/d.
Amino Acid Requirements
Few quantitative models of amino acid requirements for cattle have been proposed; however, recent models (Oldham, 1980; Evans and Patterson, 1985;  Mantysaari et al., 1 9 8 9 ) have attempted to quantify amino acid requirements by using a factorial method that parallels the classical approach of Mitchell ( 19 5 0 1. The factorial method calculates absorbed amino acid requirements from net nitrogen requirements, amino acid composition of products, and efficiencies of utilization of absorbed amino acids for product formation.
Net protein requirements can be calculated as protein deposited in tissue and conceptus and secreted in milk plus protein used for maintenance, which was estimated from endogenous urinary, scurf, and metabolic fecal protein (Mantysaari et al., 1989) . The net protein requirements used in this model were based on requirement equations presented in the model described by Fox et al. (1992) in a previous paper. Absorbed amino acid requirements were calculated by multiplying net protein requirements by the amino acid composition of the product formed and dividing by the efficiencies of use of individual absorbed amino acids for product formation.
Absorbed amino acids required for scurf protein were determined from the net scurf protein requirement, the amino acid content of scurf protein, and the efficiencies of use of individual amino acids for scurf protein formation. Net requirement for scurf protein represents nitrogen loss due to skin, hair, horn, and detritus (NRC, 1985) . The net requirement for scurf protein was calculated from the model described by Fox et al. (1992) . Previous models (Evans and Patterson, 1985; Mantysaari et al., 1989) used the amino acid content of tissue protein to determine net amino acid requirements for growth; however, net scurf protein requirements may be more closely related to the amino acid composition of keratin than of muscle tissue because scurf losses include skin, hair, and nails (Owens and Pettigrew, 1989) . Estimates of the amino acid content of keratin protein may be obtained from several sources (Mitchell, 1950; Block and Bolling, 1951; Block and Weiss, 1956) . The model presented here used estimates based on the average keratin composition of cattle hair, horn, hooves, and skin (Table 3 ) based on the data of Block and Bolling (1951) . The efficiencies of use of individual absorbed amino acids for scurf protein formation were based on estimates of the efficiencies of use of individual amino acids for maintenance given by Evans and Patterson (1985) and are listed in Table 4 . The following equations were used for calculating the ith absorbed amino acid requirement for scurf protein:
where W = live weight, kg/d; SPN = net scurf protein requirement, g/d; A A K E R A i = amino acid content of the ith amino acid in keratin protein, g/lOO g; EAAMi = efficiency of use of the ith amino acid for maintenance; Ainslie et al. (1993). and SPAAi = scurf requirement for the ith absorbed amino acid, g/d.
The net requirement for endogenous urinary protein is the nitrogen (protein equivalent) lost in the urine when cattle are fed nitrogen-free diets (NRC, 1985) . Endogenous urinary protein components include creatine, urea, ammonia, allantoin plus bilirubin, nucleic acids, hippuric acid, and small quantities of some amino acids such as N7-methyl histidine (NRC, 1985; Owens and Pettigrew, 1989) ; therefore, urinary nitrogen is probably only a partial amino acid expense (Owens and Pettigrew, 1989) . The net requirement for urinary protein was calculated based on the model by Fox et al. (1992) . On protein-deficient diets, urinary nitrogen loss is primarily derived from skeletal muscle (Uezu et al., 1985) ; therefore, the amino acid content of tissue protein as summarized by Mantysaari et al. (1989) was used t o determine net amino acids required for urinary nitrogen loss. The efficiencies of use of individual Ainslie et al. (1993) ; E F = .83 -(.00114EBW); EF is efficiency factor and EBW is equivalent body weight as described by Fox et al. (1992) . Other values are from Evans and Patterson (1985) .
absorbed amino acids for urinary protein formation were assumed to be the efficiencies of use of individual amino acids for maintenance given by Evans and Patterson (1985) . Estimates of the efficiencies of use of individual absorbed amino acids for maintenance are given in (Table 3) ; and FPAAi = metabolic fecal requirement for the ith absorbed amino acid, g/d. Absorbed amino acids required for tissue growth were determined from the net protein required for growth, the amino acid content of tissue protein, and the efficiencies of use of absorbed amino acids for tissue protein formation. Net protein required for tissue growth has been determined by body composition of growing animals and is a multiple of weight gain and composition of the gain (NRC, 1985) . Net protein required for growth was predicted using the equations of Fox et al. (1992) that were presented in a previous paper. The amino acid composition of muscle and carcass tissues seems to be similar across animal species (Williams et al., 1954; Smith, 19801, especially for rapidly growing animals (Buttery, 1979; Owens and Pettigrew, 1989) . The model presented here uses values from an average of three studies of whole-body tissue composition summarized by Ainslie et al. (1993) in a companion paper. Estimates of the amino acid content of tissue protein are given in Table  3 . Estimates of the efficiencies of use of absorbed amino acids for tissue deposition are based on values determined by Ainslie et al. (1993) and are given in Table 4 . The following equations were used to calculate the ith absorbed amino acids required for growth:
where PB = protein content of empty body gain, g/lOO g; EG = empty body gain, gid; RPN = net protein required for growth, g/d; EAAGi = efficiency of use of the ith amino acid for growth, glg; and RPAAi = growth requirement for the ith absorbed amino acid, g/d.
Absorbed amino acids required for lactation were determined from the net protein required for lactation, the amino acid content of milk true protein, and the efficiencies of use of individual amino acids for lactation. Net protein required for lactation was calculated from the true protein content of milk and the expected daily milk production level according to the requirements model of Fox et al. (1992) . Estimates of the amino acid composition of milk protein were necessary to determine net and absorbed amino acids for lactation. The average amino acid composition of milk true protein for lactating dairy cows has been reported by various researchers (Block and Bolling, 1951; Featherston et al., 1964; Jacobson et al., 1970; Broderick et al., 1974; Burroughs et al., 1974; Hogan, 1975; Lampert, 1975; McCance and Widdowson, 1978; Evans and Patterson, 1985) . The amino acid composition of milk protein seems to be remarkably constant for different animal species (Reeds, 1988) and seems to be independent of diet and stage of lactation (Featherston et al., 1964) . The model described here used the average amino acid composition of milk true protein, as summarized by Waghorn and Baldwin (19841, given in Table 3 . The efficiencies of use of individual absorbed amino acids for lactation were based on the data of Evans and Patterson (19851, except that values for leucine, isoleucine, valine, and arginine were based on those suggested by Oldham (1980) . Efficiencies of use of individual amino acids for milk production are given in Table 4 . The requirement of the ith absorbed amino acid for lactation was calculated using the following equations:
where PP = milk true protein content, g/100 g; MM = expected daily milk production level, kg/d; AALACTi = ith amino acid content of milk true protein, g / l O O g; EAALi = efficiency of use of the ith amino acid for milk protein formation, g/g; and LPAAi = lactation requirement for the ith absorbed amino acid, g/d.
Absorbed amino acids required for gestation can be determined from the net protein requirement for gestation, the amino acid content of tissue protein, and the efficiencies of use of individual amino acids for tissue protein formation. Net protein requirements for gestation were determined using equations from Fox et al. (1992) presented in a previous paper. The amino acid composition of conceptus products is required t o calculate amino acids required for gestation. No estimates were found in the literature for the various components of the conceptus; therefore, the amino acid contents of the products of conception were assumed to be similar to the average amino acid composition of tissue. The estimates of amino acid content of tissue from Mantysaari et al. (1989) that are listed in Table 3 were used as estimates of the amino acid content of conceptus products. The effciencies of use of individual amino acids for gestation were based on the data of Evans and Patterson (1985) and are given in Table 4 . The following equation was used t o calculate the ith absorbed amino acid required for gestation:
where YPN = net protein required for gestation, gid; EAAPi = efficiency of use of the ith amino acid for gestation, gig; and YPAAi = gestation requirement for the ith absorbed amino acid, gid.
The total absorbed requirement for an amino acid can be determined as the sum of the absorbed amino acid requirements for physiological functions and were calculated according to the following equation:
where AAA,.i = total absorbed requirement for the ith amino acid, gid.
Amino Acid Balance
After the supply of, and requirements for, absorbed amino acids have been determined, an assessment of the limiting amino acids can be made. Metabolizable protein supplies essential and nonessential amino acids. However, a comparison of absorbed essential amino acids supplied and required is necessary; metabolizable protein requirements may seem to have been met by the supply of metabolizable protein when essential amino acid requirements have not been met.
Model Validation
The model was validated by comparing modelpredicted duodenal flows of individual amino acids with observed experimental duodenal flows. Predicted and observed flows were determined from the data reported by Stern et al. (1983, 19851, Prange et al. (19841, Santos et al. (19841, Pena et al. (19861, Windschitl and Stern (19881, Zerbini et al. (19881, McCarthy et al. (19891, Waltz et al. (19891, King et al. (19901, Klusmeyer et al. (19901, and Cameron et al. (1991) for lactating cattle and reported by Smith (19741, Fenderson and Bergen (19751, Cottrill et al. (19821, Garrett et al. (19871, Rooke and Armstrong (19871, Bernard et al. (19881, Cecava et al. (1988, 19901, and Titgemeyer et al. (1988) for nonlactating cattle. Reported feed ingredient composition was used in model evaluations when information was available. When feed composition was not available, estimates were obtained from . This was necessary because ruminal rates of carbohydrate fermentation, protein degradation, and passage were assigned based on values reported by Sniffen et al. (1992) . Amino acid composition of the undegraded feed protein content of ingredients was obtained from Crooker et al. (1987) , MacGregor et al. (1978) , Mantysaari et al. (19891, and Muscat0 et al. (1983) .
Lactating cattle experimental reports included diets for early-, mid-, and late-lactation cows; however, most lactating cattle experiments investigated duodenal flows for mid-to late-lactation Holstein cows. Characteristics of lactating cattle experiments used in the model evaluation are summarized in Table 5 . Nonlactating cattle experimental reports included diets for Holstein, Friesian, Simmental, Jersey, Jersey and Holstein crossbred, and Simmental and Holstein crossbred cattle ranging in body weight from 125 to 424 kg. Characteristics of nonlactating cattle experiments are summarized in Table 6 . Supplements fed in the experiments included blood meal, soybean meal, whole soybeans, roasted soybeans, corn gluten feed, corn gluten meal, cottonseed meal, whole raw cottonseeds, extruded cottonseeds, roasted cottonseeds, wet brewers grains, dried distillers grain, feather meal, fish meal, linseed meal, soyhulls, wheat midds, and urea.
Comparisons were made by regressing observed duodenal flows of individual amino acids against model-predicted duodenal flows of individual amino acids. Regression analysis was performed with Quattro Pro version 3.0. Intercepts were computed to interpret how well the model-simulated data fitted the actual data. A regression slope of 1 and an intercept of 0 for the regression equation describing the relationship between observed duodenal flow and modelpredicted duodenal flow would indicate perfect agreement. Differences in the regression equations from that indicating perfect agreement were evaluated by testing for difference from a slope of 1 by using a twotailed Student's t-test. The model predicted duodenal flow for an individual amino acid was characterized as different from the observed duodenal flow when the regression slope between the observed and predicted values differed from 1 ( P c .05). different from observed duodenal flows. The slopes of the regression lines for threonine and leucine were > 1, indicating that the model underpredicted the duodenal flows of these two amino acids, whereas the slope of the regression line for arginine was < 1, indicating that the model overpredicted the duodenal flow of this amino acid. Most of the amino acid regression equations included a negative intercept, implying that the model tended to overpredict slightly duodenal amino acids at low duodenal flows. Based on the slopes of the regression lines, the following order of accuracy in predicting observed duodenal flows (from most accurate to least accurate) was established for the model: histidine, phenylalanine, valine, methionine, isoleucine, lysine, threonine, leucine, and arginine. 
Discussion
Overall, the high R2-values and slopes near unity for regression equations imply that the model performed adequately in predicting observed duodenal nitrogen, nonammonia nitrogen, bacterial nitrogen, dietary nonammonia nitrogen, and essential amino acids. Given that most of the regression equations had slopes > 1 and negative intercepts ( Table 71 , this implied that the model had a tendency to underpredict most duodenal quantities at high duodenal flows, which represented lactating cattle diets, and overpredict duodenal quantities at low duodenal flows, which represented nonlactating cattle diets.
The model presented here is one attempt to quantify the supply of absorbed amino acids from dietary protein escaping ruminal degradation and microbial protein synthesized in the rumen and the daily requirements for absorbed amino acids by cattle in various productive states. The strengths of the model are probably in the following areas: 1) estimates of the amino acid composition of milk, tissue, keratin, and bacterial proteins seem to be relatively constant under different dietary regimens and are based on numerous research reports, and 2 ) model predictions of amino acids supplied by dietary protein that escaped from the rumen and microbial protein are based on theoretical, mechanistic principles of ruminal carbohydrate fermentation, microbial yield, protein degradation, and passage. However, the model presented here may be improved by further research in the areas listed below that affect the supply of absorbed amino acids by specific cattle diets and the daily requirements for absorbed amino acids for various stages of production.
1.

2.
3.
4.
.
6.
7.
More research is needed to define quantitatively the components of metabolic fecal protein and the amino acid composition of these components to predict more accurately the amino acids required for metabolic fecal protein losses. The amino acid content of tissue protein may need to be further defined based on the various components of empty body protein.
Research is needed t o determine the amino acid content of the various products of the conceptus to describe more accurately amino acids required for gestation. Additional research is needed to determine more accurate estimates of efficiencies of utilization of absorbed amino acids for specific physiological functions, especially because these efficiencies have a larger effect on requirements for absorbed amino acids (NRC, 1985) .
Further research on the amino acid content of soluble and insoluble available dietary protein escaping ruminal degradation for various natural and by-product feedstuffs is required to increase the accuracy of predicting available amino acids supplied by specific cattle diets. Additional research is necessary to determine accurate estimates of the amino acid composition of bacterial cell wall and non-cell wall protein fractions. More research needs to be conducted concerning the true digestibility of bacterial cell wall and noncell wall protein fractions.
Implications
A model has been presented for predicting the demand for, and supply of, absorbed essential amino acids in cattle diets. Identification and effective supplementation of limiting amino acids may result in the following benefits to the cattle industry: 1 ) increased weight gains for growing cattle, 2 improved milk and milk protein production for lactating cattle, 3 ) increases in the efficiency of protein utilization, 4 ) maintenance of production with less protein consumption, and 5 ) lowered feed costs lower protein contents of diets. Further improvements will require more research to determine accurate estimates of parameters that affect amino acid utilization and requirements of cattle in various productive states.
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